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1

'MOUNTING APPARATUS FOR A CUTTING
TORCH

BACKGROUND OF THE INVENTION

2
SUMMARY OF THE INVENTION |
The above and other objects and advantages of the

- present invention are achieved in the embodiment illus-

5 .

The present invention relates to an apparatus for

“mounting a cutting torch, such as a gas or plasma arc
torch, to a shape cutting machine, and with the mount-
ing apparatus being characterized by the ability to de-
tect contact between the torch and an obstruction dur-
ing movement of the torch by the shape cutting ma-
- chine. o | -

U.S. Pat. No. 4,415,795 to Ross et al discloses a
plasma arc cutting apparatus which is designed for cut-
ting metal plates into a desired configuration. More
~ particularly, the patent describes a process wherein the
metal plate to be cut is submerged in a water bath, and

the torch is supported in a vertical orientation by a

shape cutting machine, such that the lower portion of
the torch is also submerged in the water bath. In opera-

tion, the shape cutting machine first adjusts the torch to

the appropriate vertical working height above the metal
plate, and the torch is then ignited. Next, the machine

10

trated herein by the provision of a mounting apparatus |
for a cutting torch which comprises a torch supporting

plate and a movement sensing plate. The torch support-
ing plate is rigidly connected to the torch so that the
" plate lies in a plane which extends laterally with respect

to the longitudinal direction of the torch. The move-

- ment sensing plate is fesiliently connected to the sup-

porting plate so that the plates lie in an operative posi-
tion wherein the plates are substantially parallel to and

~ laterally aligned with respect to each other, and so that

15

the plates are able to move with respect to each other

~ from the Operatwe position to a displaced pOSlthll One

of the plates is connected to the shape cutting machine '

- s0 that such plate and thus the torch may be moved

20

vertically or laterally along a predetermined path.
‘The present invention also includes control means

responsive to a relative movement of the plates from the

operative position to a displaced position caused by the

torch contacting an obstruction, and for then generating

~a signal which may be directed to the shape cutting

manipulates the torch horizontally to effect cutting of 25

- the plate into the desired outline. The fact that the metal

plate and the output end of the plasma arc torch are

--'submerged in a water bath, significantly reduces the

noise level of the operation, and it also reduces any

‘ultraviolet radiation which is emitted by the plasma arc.
- The above referenced patent to Ross et al also dis-

30

machine. The control means comprises a pressunzed

gas source, a gas line connected to the source, valve
“means operatively connected to the gas line for closing
 the gas line when the plates are in the operative position-

and for at least partially opening the gas line upon the
plates moving to a dlSplaced position. A switch is also

- provided which is responsive to the gas line being

closes a mounting structure for the torch which 1s
adapted to detect vertical contact between the torch -

‘and the workpiece, and also lateral or sideward contact
with the torch, such as contact between the torch and a
“side wall of the water tank or other obstruction. For this

~purpose, a number of microswitches are provided adja-

cent the torch which send a signal to the shape cutting

- machine when such contact is detected and so that the
“machine will be instructed to stop movement of the

torch or take other corrective action.

- While the above prior system for detectmg contact. of

~ the torch with obstructions is satisfactory in many re-

spects, the presence of the electrical microswitches in

35
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the environment of the process can result in their deteri-
oration and thus a malfunction of the process. In addi-

tion, the prior mounting structure does not always accu-
rately return the torch to its original aligned position,
particularly after the unit had been subjected to wear
and tear resulting from long usage. |

It is accordingly an object of the present invention to
provide an apparatus for mounting a cutting torch to a
shape cutting machine and which is adapted to effec-
tively and reliably detect contact between the torch and

opened by the valve means for generating a signal to the
control logic of the shape cutting machine. - |

In the preferred embodiment, the valve means com-
prises at least one pressure release valve, with each
valve compnsmg a concave seat mounted in one of said
plates, an opening in the bottom of the seat which com-
municates with the gas line, and a ball supported be-

‘tween the seat and the other plate so as to close the

opening when the plates are in the operative position

and to open the opening when the plates are in a later-

ally displaced position. Preferably there are three such

~valves which are disposed in a triangular arrangement,
's0 as to provide assurance of an opening of at least one

valve upon a contact with the torch from any direction.
The means resiliently connecting the senslng plate to

~ the supporting plate preferably comprises at ieast one

30
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an obstruction during movement of the torch by the

-shape cutting machine.

It is a more partlcular object of the present invention '

to prowde a mounting apparatus for a cutting torch-

“which is able to detect contact between the torch and an
obstruction, and then signal the shape cutting apparatus
to take corrective action, and without the use of electn-
cal switches in the environment of the cutting process.

It is another object of the present invention to pro-
vide a mounting apparatus for a cutting torch which 1s

adapted to be mechanically upset when an obstruction

- is encountered, and which is thereafter able to reliably
_return the torch to its original aligned position.

65
. taken substantlally along the line 2—2 of FIG. 1;

threaded member extending through an opening in one
of said plates and threadedly engaging the other of said
plates. A nut is threadedly mounted on the free end of
the threaded member, and a coil spring coaxially encir-
cles the threaded member between the nut and the adja-

cent plate. Thus rotation of the nut permits the contact
sensitivity of the control system to be adjusted. |

BRIEF DESCRIPTION OF THE DRAWINGS

Some of the objects and advantages of the present
invention having been stated, others will appear as the

- description proeeeds, when taken in con_]nnctton with
60

the aceompanylng drawings in which: |
FIG. 1 is a schematic side elevation view of a shape

~cutting machine and a mounting apparatus for a cuttmg |
torch which embodies the features of the present inven-

tion,; |
F] IG. 2 is a top plan view of the mounting apparatus

FIG. 3 is a schematic illustration of a pressure release |

- valve of the present invention in the closed position; and
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FI1G. 4 1s a schematic illustration of a pressure release
valve in the open position.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Referring more particularly to the drawings, the nu-
meral 10 schematically illustrates a conventional shape
cutting machine. For a further description of the ma-
chine 10, reference is made to U.S. Pat. No. 4,415,795,
the disclosure of which is expressly incorporated herein
by reference. As is conventional, the shape cutting ma-
chine 10 includes a support bracket 12 to which a cut-

ting torch, such as a gas or plasma arc torch is mounted.

‘The machine 10 also includes a programmed control
logic 13, and an output drive 14 for moving the support
bracket 12 vertically or horizontally along a predeter-
mined path of travel.

In accordance with the present invention, the torch T
is mounted to the support bracket by a mounting struc-
ture which includes a torch supporting plate 15, and a
movement sensing plate 16. The torch supporting plate
15 is fixedly connected to the torch T at an arcuate
channel in one end 18 of the plate 15, and a mating
bracket 19 which is configured to enclose the opposite
side of the torch and which is connected to the plate 15
by bolts 20 as best seen in FIG. 2. The movement sens-
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ing plate 16 has one end 22 which is connected to the

support bracket 12 of the shape cutting machine 10 by

bolts 23, and an opposite end 24 which is adjacent but

spaced from the torch. In the illustrated embodiment,
the sensing plate 16 1s below the supporting plate 185.
The sensing plate 16 is resiliently connected to the
supporting plate 15 so that the plates lie substantially
parallel to and adjacent to each other, and so that the
plates are able to move laterally a limited distance with
respect to each other. This resilient connection is ef-
fected by means of a threaded member 26 which ex-
tends through an opening 27 in the sensing plate 16 and
1s threadedly engaged with the supporting plate 15 at

30

35

28. A U-shaped cap 30 is slidably mounted on the end of 40

the threaded member 26 which is opposite the support-
ing plate 15, and a coil spring 32 coaxially encircles the
threaded member 26 between the sensing plate 16 and
the cap 30. A nut 33 is threadedly mounted below the
cap 30, so that rotation of the nut 33 axially moves the
cap and thus adjusts the compression of the spring 32.

45
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42, and a pressure gauge 43. The second line segment 40
communicates with each of two parallel passageways

- 45,46 formed in the supporting plate 15.

The control means further comprises three pressure:

- release valves 48,49,50 which are disposed in a triangu-

lar arrangement as seen in FIG. 2, with each of the .
valves comprising a concave seat 52 mounted in the
supporting plate 15, and with each concave seat defin-
ing an included angle of about 60° and having an open-
ing 53 in the base thereof which communicates with one
of the two passageways 45,46, and thus the second line
segment 40. The concave seats §2 face downwardly

toward the sensing plate 16, and are preferably fabri- .

cated from a suitable plastic matenal, such as nylon.
The sensing plate 16 mounts three ball assemblies
which are aligned with respective ones of the seats 52.
Each ball assembly comprises a metallic ball 8§ which
includes a mounting shoulder 56 and a depending stem

57, and the stem includes a tapped hole 58. The ball is

mounted in an oversize opening 89 which extends
thmugh the sensing plate 16, with the lower end of the
opening 59 being counterbored to form a shoulder 60. A
socket head bolt 62 and a Washer 63 are mounted so
that the bolt 62 engages the tapped hole 58 in the stem
57 so as to hold the bali §5 in a fixed position with
respect to the sensing plate 16. The fact that the opening

59 in the plate 1s of a diameter larger than that of the

stem 57 i1s advantageous, in that the ball §5 can be
loosely assembled and adjusted laterally by engagement
with the seat 52 to assure proper alignment when in the
operative position, and before the bolt 62 is tightened.
Thus the ball 55 may be accurately located and then
fixedly supported between its seat $2 and the sensing
plate 16 so that the ball 55 acts to close the opening 53
when the plates are in the operative position as seen in
FIGS. 1-3.

In the illustrated and preferred embodiment, the tri-
angular arrangement of the three valves 48,49,50 is

‘oriented such that the valve 48 is positioned immedi-

ately adjacent the torch T, and the valves 49,50 are
positioned laterally beyond the first valve 48 and
equally spaced from the torch T. This arrangement has
been found to provide a sensitive response, 1.€., a release
of pressure in the second line segment 40, upon contact

~ of the torch from any direction. In this regard, it will be

The torch mounting apparatus further comprises
control means which 1s responsive to a movement of the

plates 15,16 from the operative position as shown in
FI1GS. 1-3, to a displaced position as illustrated sche-
matically in FIG. 4. Such displacement is typically
caused by the torch T coming into contact with the
workpiece W during the initial height adjustment of the
torch, or with the sidewall of the water tank, or other
obstruction as the torch is moved horizontally during
the cutting operation. The control means then acts to
signal the control logic 13 of the shape cutting machine
10 to take Corrective action, such as reversing the di-
rection of movement of the torch or lifting the torch.

As illustrated schematically in the drawings, the con-

trol means comprises a source 36 of pressurized gas
such as air, and a gas line 37 connected to the source
which leads to the supporting plate 15. The line has a
restrictive orifice 38 positioned therein, so as to define a
first line segment 39 between the source 36 and the
orifice 38, and a second line segment 40 between the
orifice 38 and the supporting plate 15. In addition, the
first line segment 39 mounts a conventional regulator

50
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understood that the pressure of the coil spring 32 acts to

press the plates 15,16 toward each other and such that

the three balls 55 hold the plates separated and are

‘under compression. The coil spring 32 thus also acts to

press each of the balls into its seat 52, and since the
spring pressure 1s adjustable by rotation of the nut 33
the sensitivity of the valves can be adjusted.

The control means further includes a differential
pressure switch assembly 64 which is responsive to a
difference in the pressures in the first and second line

‘segments 39,40 resulting from a release of pressure

caused by any one of the pressure release valves 48-50

‘being opened. More particularly, and as best seen in

FIG. 1, the differential pressure switch assembly 64

includes a pair of lines 65,66 connected to the line 37 on

respective opposite sides of the orifice 38, with the pair
of lines 65,66 leading to a actuator 68, which serves to
control the position of an electrical switch 70 in an
electrical line 71. As seen in FIG. 3, the switch 70 is

closed when the pressure release valves 48-50 are

closed and the machine is in normal operation. As seen

- in FIG. 4, the switch 70 1s open when the plates 15,16
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- are displaced relative to each other and one or more of
the pressure release valves 48-50 are open. |

During the initial set up of a plasma arc torch, the

shape cutting machine 10 conventionally first acts to

position the lower end of the torch T a predetermined-

- working height above the workpiece W. More particu-

~ larly, and as further described in U.S. Pat. No.

4,415,795, the workpiece W is submerged in a water
- bath, and the torch T 1s lowered into the bath until its
lower end contacts the torch. When this happens, the
‘contact is detected and the drive motor reverses its
‘direction of rotation for a predetermined time, after
~ which the drive motor is stopped. By design, the prede-

termined time is sufficient to lift the torch to its working

height.
- To position the torch T at the proper worhng height
in accordance with the present invention, the plates
15,16 are initially positioned in the operative position,
~such that all of the valves 48-50 are closed, and the
- pressure in the second hine segment 40 balances the
_ pressure in the first line segment 39. The switch 70 will
accordingly be closed as seen in FIGS. 1 and 3. As the
torch T is lowered by the output drive 14, the torch T

10

15

20

eventually comes into contact with the workpiece,

causing the two plates 15,16 to pivot about the two balls.

85 of the two laterally remote valves 49,50, thereby

~ separating the ball 55 from the seat 52 of the valve 48

23

closest to the torch. The pressure of the gas in the sec-

ond line segment is thus reduced, which is detected by
the actuator 68, and which in turn opens the switch 70

and thereby signals the shape cutting machine 10 to StOp'

and then reverse its drive direction.

" During normal cutting operation of the shape cuttmg
machine 10, the torch T is traversed horizontally along
‘a predetermined path of travel, and plates 15,16 are
again in the operative position so that the balls 35 of the
pressure release valves 48-50 block gas flow outwardly

30

35

from the second line segment 40. The pressure across

the orifice 38 is balanced, and the switch 70 is closed as
seen in FIG. 3. When the torch T contacts an obstruc-
~ tion, the plates 15,16 are shifted laterally with respect to
~ each other, and one or more of the balls §5 are shifted in
their seats 52 so that the gas is free to escape as seen In
- FIG. 4. At this time, the pressure across the orifice 38

‘becomes unbalanced, and this unbalance is detected by
- the actuator 68 so as to Open the electrical switch 70 as

seen in FIG. 4. The opening of the line 71 signals the
control logic 13 to stop operation or take corrective
action, such as reversing the dlrectlon of movement or
lifting the torch.

After the plates 15,16 have been displaced from the
operative position, a release of the contact force against
the torch results in the plates being automatically re-
aligned into the operative position, with the balls 8§35
- again closing the openings of their respective seats. As

will be apparent, this automatic re-alignment results

from the fact that the coil spring 32 acts to press the
balls 55 into their seats 52. Further, the fact that the
seats 52 open downwardly is advantageous in that the
gas which escapes when the plates are displaced from

- the operative position serves to automatically clean the
~ openings 53 and the seats 52 of debris which could
~ cause the valves to leak.

In the drawings and specification, there has been set
"~ forth a preferred embodiment of the invention, and

“although specific terms are employed, they are used in
.~ a generic and descriptive sense only and not for pur-

poses of limitation.

6
That which is claimed is: |
1. An apparatus for mountmg a cuttmg torch to a

shape cutting machine, with the apparatus being charac--

terized by the ability to detect contact between the
torch and an obstruction dunng movement of the torch

‘by the shape cutting machine in either the vertical or

lateral directions, and comprising
a torch supporting plate, | : |
means for rigidly connecting said SUpportmg plate to
‘said torch and so that said plate lies in a plane. -
which extends laterally from the torch, |
a movement sensing plate, -
‘means resiliently connecting said sensing plate to said
supportmg plate so that said plates lie in an opera-.
tive position wherein said plates are substantially
parallel to and laterally aligned with respect to
‘each other, and so that said plates are able to move
with respect to each other from said Operatlve
position to a dlSplaced position,
means for connecting one of said plates to the shape
cutting machine so that said one plate and thus said
torch may be moved vertically or laterally along a
predetermined path, |
control means responsive to a relative movement of
said plates from said operative position to a dis-
placed position caused by the torch contacting an
obstruction and for then generating a signal which
is adapted to be sent to the shape cutting machine
and so that the machine may take corrective actlon, |
said control means comprising
(a) a pressurized gas source, |
~ (b) a gas line connected to said source,
(c) valve means operatively connected to said gas
line for closing said gas line when said plates are
in said operative position and for at least partially
0pemng said gas line upon said plates relatively
moving to a displaced p051t10n and
(d) switch means responsive to said gas line bemg
opened by said valve means for generating a

signal.
2. The apparatus as deﬁned in clalm 1 wherein said

- valve means eomprlses at least one valve, with said one

45

50

valve cempnsmg a concave seat mounted in one of said
plates, an opening in the bottom of said seat which
communicates with said gas line, and a ball supported
between said seat and the other of said plates so as to

close said opening when said plates are in said operative
'posmon and to open said opening when sald plates are

in a displaced position. |
3. The apparatus as defined in claim 1 wherem sald
valve means comprises at least three valves which are

disposed in a tnangular arrangement, with each of said
valves comprising a concave seat mounted in one of

~said plates, an opening in the bottom of said seat which

55
‘between said seat and the other of saicl plates so as to

communicates with said gas line, and a ball supported

close said opening when said plates are in said operative

~ position and to open said Openmg when said plates are |

60

‘in a displaced position.

4. The apparatus as defined in claim 3 wherem one of
said valves 1s positioned immediately adjacent said

“torch, and two of said valves are positioned laterally

65

‘beyond said one valve and equally spaced from said

torch. |
5. The apparatus as defined in clalm 4 wherein said

- means resiliently connecting said sensing plate to said

supporting plate comprises means for resiliently press-
ing said plates toward each other and such that the balls
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of said valves hold the plates separated and are under
compression, and including means for adjusting the
compression force. |

6. The apparatus as defined in claim § wherein said
means for resiliently pressing said plates toward each
other comprises at least one threaded member extend-
ing through an opening in one of said plates and thread-
edly engaging the other of said plates, a nut threadedly
mounted on the end of said one threaded member which
1s opposite said other plate, and a coil spring coaxially
encircling said threaded member and positioned be-
tween said one plate and said nut, and such that rotation

of said nut on said threaded member serves to adjust the

compression of said coil spring.

1. The apparatus as defined in claim 3 wherein said
gas line has a restrictive orifice therein so as to define a
first line segment between said source and said orifice,

and a second line segment between said orifice and said -

valves, and wherein said switch means is responsive to
a difference in the pressures in said first and second line
segments. -
8. An apparatus for cutting a workpiece along a pre-
determined path and comprising
an elongate cutting torch defining a longitudinal di-
rection along the length thereof,
a torch supporting plate,
means rigidly connecting said supporting plate to said
torch and so that said plate lies in a plane which
extends laterally with respect to said longitudinal
direction,
a movement sensing plate,
means resiliently connecting said sensing plate to said
supporting plate so that said plates lie in an opera-
tive position wherein said plates are substantially
parallel to and laterally aligned with respect to
each other, and so that said plates are able to move
with respect to each other from sald operative
position to a displaced position,
a shape cutting machine including a support bracket,
and programmed drive means for moving said
support bracket vertically and horizontally along a
predetermined path of travel in each direction,
means connecting one of said plates to said support
bracket of said shape cutting machine so that said
plates are disposed in generally horizontal planes
and the longitudinal direction of said torch is ori-
ented substantially vertically,

control means responsive to a relative movement of

said plates from said operative position to a dis-
placed position caused by the torch contacting an
obstruction and for then signalling said pro-

10

15

20

25
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grammed drive means of said 'shape cutting ma-

chine, said control means compnsmg

(a) a pressurized source,

(b) a gas line connected to said source

(c) valve means operatively connected to said gas
line for closing said gas line when said plates are
in said operative position and for at least partially
Opemng said gas line upon said plates relatively
moving to a displaced pOSlthH, and

(d) switch means responsive to said gas line being
opened by said valve means for generatlng a
signal.

9. The apparatus as defined in claim 8 wherein sald
valve means comprises at Jeast three valves which are
disposed in a triangular arrangement, with each of said
valves comprising a concave seat mounted in one of
said plates, an opening in the bottom of said seat which
communicates with said gas line, and a ball supported
between said seat and the other of said plates so as to
close said opening when said plates are in said operative
posmon and to open said opening when said plates are
In a displaced position.

10. The apparatus as defined in claim 9 wherein one
of said valves is positioned immediately adjacent said
torch, and two of said valves are positioned laterally

beyond said one valve and equally spaced from said

torch.
11. The apparatus as deﬁne in claim 9 wherein said

means resiliently connecting said sensing plate to said

supporting plate comprises means for resiliently press-
ing said plates toward each other and such that the balls
of said valves hold the plates separated and are under
compression, and including means for adjusting the
compresston force.

12. The apparatus as defined in claim 11 wherein said
gas line has a restrictive orifice therein so as to define a
first line segment between said source and said orifice,
and a second line segment between said orifice and said
valves, and wherein said switch means is responsive to
a difference i in the pressures in sald first and second line
segments.

13. The apparatus as defined in claim 8 wherein said
concave seats of said valve means are mounted in the
upper one of said plates and face downwardly, so as to
be cleaned by the gas passing outwardly therefrom.

14. The apparatus as defined in claim 8 wherein said
sensing plate includes a first end which is adjacent but

.spaced from said torch, and an opposite end, and

wherein said support bracket of said shape cutting ma- |
chine is connected to said opposite end ef said sensing

plate
2 % % % %
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